Abstract. Alternative successional trajectories (AST) may result in multiple climax states within an ecosystem when disturbances affect colonization history. In the boreal forest, ungulates have been proposed to drive AST because, under herbivore pressure, preferred species may go extinct and apparent competition may benefit browsing-resistant species. Over a 15-year period following logging, we tested whether deer herbivory altered plant species composition and whether the competitive advantage of resistant species was maintained following herbivore removal. We compared exclosures built immediately after logging with delayed exclosures built eight years later on Anticosti Island, Quebec, Canada. Although the palatable tree Betula papyrifera (paper birch) and some palatable herbs recovered in delayed exclosures, we observed legacies in both tree and herb cover. Woody regeneration in delayed exclosures was dominated by Picea glauca (white spruce), and Poaceae (grasses) were abundant in the field layer. Given that only early-successional species recovered, whereas latesuccessional broadleaf species and Abies balsamea (balsam fir) remained rare, succession may follow an AST after a limited browsing period during early succession.
INTRODUCTION
In a Clementsian view of ecology, vegetation succession is considered a directional process of species replacing each other toward a stable climax state (Clements 1916 , Young et al. 2001 . The mechanisms controlling succession under this scenario are primarily trade-offs between colonization ability and competitiveness, facilitation (Young et al. 2001) , and negative frequency dependence, i.e., the decline of a species due to intraspecific competition and possibly parasites (Connell and Slatyer 1977) . Herbivores at high density are regarded in this context as agents that may either slow or accelerate succession (Davidson 1993 ) by modulating these mechanisms; thus succession will in most cases resume its original rate toward a climax upon reduction of herbivore density. Although many systems may indeed behave consistently with a unidirectional type of succession (Cadenasso et al. 2002 , Mathisen et al. 2010 , there are circumstances under which more than one outcome of succession is possible (Gleason 1926 , Westoby 1989 , Suding and Hobbs 2009 According to this alternative view of succession, the structure and species composition of a climax may strongly depend on contingencies: presence or absence of certain species or functional groups may crucially determine consecutive colonization events, ultimately leading to disparate vegetation types. Such processes are termed alternative successional trajectories (AST, sensu Suding et al. 2004) . We here define AST as the effect of a variation in community composition in an earlysuccessional stage leading to an altered climax species composition. AST hence involve legacy effects that persist until stand replacement. Legacy effects, in turn, are defined as an indirect effect persisting for a long time in the absence of the causal species' activities (sensu Cuddington 2012 ). AST do not necessarily lead to alternative stable states (ASS), because the latter would require a community to self-perpetuate by inhibiting changes in community composition even after stand replacement (cf. Fukami and Nakajima 2011) . AST can come about in at least two ways: (1) through competitive effects of certain colonizers (initial floristic composition, sensu Egler 1954 ) that inhibit the recruitment of other species and (2) through local extirpation of a key constituent of the ''normal'' successional trajectory. Hence, for a given set of abiotic parameters, AST may lead to vastly different alternative states, as observed in aquatic systems (van Geest et al. 2007 , Schooler et al. 2011 , savannas (Seymour et al. 2010) , and tropical forests (Norden et al. 2011) . In a system where multiple alternative states potentially exist, herbivores may not only slow down or accelerate succession; but also they may change the direction of succession through their effect on key plant species (Seabloom and Richards 2003, Baskett and Salomon 2010) . In a direct sense, herbivores may cause species extirpation through overgrazing (Augustine et al. 1998 , McLaren et al. 2009 ). Indirectly, herbivores may mediate the relationships between intolerant and tolerant plants, providing an apparent competitive advantage to the latter (Holt 1977 , Tremblay et al. 2007 .
In forest ecology and global change research, it has been recognized relatively recently that ungulate herbivores might steer succession toward different states (Schmitz and Sinclair 1997 , Olofsson et al. 2004 , Tanentzap et al. 2012 ). This notion is being fueled at least partly by management issues related to high herbivore densities (Côte´et al. 2004 ). In many ecosystems, large predators have declined, weakening topdown control such that herbivore populations have expanded dramatically (Estes et al. 2011) . Conservative hunting regulations and changes in land use also contribute to maintain high populations of vertebrate herbivores (Côte´et al. 2004 ). This, in turn, has significantly modified plant community composition and structure (e.g., Estes et al. 2011) . In boreal and temperate forests, high densities of white-tailed deer (Odocoileus virginianus) and moose (Alces alces) have led to dominance of grasses, sedges, and ferns at the expense of browse-sensitive herbs and woody shrubs (Tremblay et al. 2006 , Rooney 2009 , Gosse et al. 2011 . Such a field layer can be hard for woody species to penetrate and has therefore been termed a recalcitrant understory (Royo and Carson 2006) . In addition, an increase in browseresistant tree species in the canopy has been attributed to white-tailed deer herbivory (Rooney et al. 2000 , Horsley et al. 2003 , Tremblay et al. 2007 , Tanentzap et al. 2011 . In line with an AST scenario, it has been shown that a state with a history of intense herbivory often appears difficult to reverse to an unaltered state. Long after significant reduction of cervid herbivore density, legacy effects have been reported (Tanentzap et al. 2009 , Royo et al. 2010 , Nuttle et al. 2011 . In contrast, other systems have shown a strong recovery potential of key forest species after periods of high herbivore densities (e.g., Kuijper et al. 2010) . Despite evidence that, under certain conditions, the impact of herbivory may be hard to reverse after herbivore reduction, a conclusive experimental test should compare succession after an initial disturbance (i.e., herbivory) under both presence and absence of the herbivore (Schmitz and Sinclair 1997) .
Here, we test the alternative hypotheses (1) that the effects of intense deer herbivory on the community composition of herbs and woody species during regeneration are either reversible, with succession resuming its normal course after deer exclusion, or (2) that initial herbivory may lead to an alternative successional trajectory (AST). On Anticosti Island, this AST would imply dominance of Picea spp. Following the classification by Le´tourneau et al. (2009) , we define dominance as .75% of stems (.1 cm dbh) being Picea spp. in the tree community 15 years after logging. To this end, we performed an herbivore removal experiment: we measured woody and field layer species composition in three different treatments over a period of 15 years after logging with: (1) original exclosures protecting regeneration directly after logging, (2) control plots, and (3) delayed exclosures constructed seven summer seasons after logging on plots previously accessible to deer. This delayed exclosure was aimed at testing whether a successional trajectory that was initiated under deer herbivory could be reversed to a successional trajectory observed in deer absence. By testing this reversibility of large-herbivore impacts on forest succession, we evaluate the long-term ecological effects of chronic browsing on forest composition and structure.
METHODS

Study site
The experimental site was located on Anticosti Island (7943 km 2 ) in the Gulf of St. Lawrence, Quebec, Canada (49806 0 -49895 0 N, 61867 0 -64852 0 W). The climate on Anticosti is maritime, with a mean air temperature of À13.68C in January and 14.88C in July, and mean annual precipitations of 328 cm as snow and 610 mm as rainfall (Environment Canada 2005 ; data are available online).
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The dominant boreal forest cover is part of the eastern balsam fir-paper birch region (Doucet and Côte´2009) . Approximately 200 deer were introduced to Anticosti Island in 1896. In the absence of predators, the deer population became abundant ;30 years after introduction and remained abundant thereafter (.20 deer/km 2 ; Potvin and Breton 2005) . The forest communities of Anticosti have changed severely since white-tailed deer became abundant (Potvin et al. 2003) . Although the island's forests were originally dominated by paper birch (Betula papyrifera Marsh.) and balsam fir (Abies balsamea (L.) and Mill.), these species are now being steadily replaced by white spruce (Picea glauca (Moench) Voss) and, to a lesser extent, black spruce (Picea mariana (Mill.) Britton, Sterns and Poggenb.). After forest logging, regeneration is sparse and consists almost exclusively of Picea spp. (Casabon and Pothier 2007) , whereas the field layer is dominated by grasses (Poaceae) and sedges (Carex spp.) (Tremblay et al. 2006) . The resulting relatively open landscape has been typified as spruce savanna (Tremblay et al. 2005 ).
In 1995, three clearcuts (;3 km 2 each) with regeneration protection were created by logging all trees with a diameter at breast height (dbh) of !9 cm in A. balsameadominated forest stands. Before logging, three experimental plots per clearcut were randomly selected (n ¼ 9); the distance to the nearest forest edge varied between 50 and 600 m. This variable was included to account for the possible role of the forest edge distance in post-harvest seedling establishment. In each plot, two circular subplots 10 m in diameter were systematically located 30 m apart. We tallied the regeneration and composition of the field layer therein in June 1995. To this end, we established five permanent sampling circles of 4 m 2 in each subplot. Two clearcuts were logged between July and October, and one other was logged between October and November 1995. Immediately after logging, we excluded deer from one subplot (EXC); the other subplot was accessible to deer (CTL). Fences consisted of mesh wire and were 3 m high to avoid entry by deer in all seasons. In early May 2003, seven complete summer seasons after establishment of the initial exclosures, we added a third fenced subplot, hereafter designated as a delayed exclosure (DEL), 30 m from the center of the original exclosure or the control subplot and on a straight line with the other experimental subplots.
Sampling was performed in July of each sampling year: in 1995 before logging, in 2001, in 2003 after establishment of DEL, in 2008, and lastly in 2010. Regeneration was measured by counting all seedlings (,30 cm height) and saplings (tall regeneration, .30 cm height) of the encountered tree species within the sampling circles by height classes: ,5, 5-30, 31-60, 61-100, 101-200, 201-300, and .301 cm. In 2010, trees with dbh . 1 cm were counted in 2-cm dbh classes (1-3 cm, 3-5 cm, 5-7 cm, and so on). Percent ground cover of species in the field layer in 4-m 2 sampling circles was estimated visually. We identified most taxa at the species or genus level, but we identified grasses at the family level (Poaceae) and leptosporangiate ferns at the class level (Pteridopsida).
Regeneration
To assess the effect of the different herbivory treatments, mixed-effect Poisson models were applied to the counts of stems (dbh . 1 cm) within plots for the total of all stems and for P. glauca in 2010. Data on all other species were unsuitable for such analysis because, inside CTL plots, all counts for these species were zero: only Picea spp was found in CTL plots. Hence all other species were excluded. We used the lme4 package (Bates et al. 2011) in R (R Development Core Team 2010). Treatment and distance to the forest edge were predictor variables. Cutblock was a random term, and another random term was included at the level of each single observation to account for overdispersion in the count data (Elston et al. 2001 ). We applied likelihood ratio tests to models including fixed variables of interest and models without them to test whether treatments had effects that differed from zero. We also applied post hoc contrasts to differentiate between the different treatments by merging factor levels followed by likelihood ratio tests between models with merged vs. original factor levels (Crawley 2007) .
To assess how early regeneration of key tree species A. balsamea, B. papyrifera, and P. glauca proceeded under the different herbivory regimes, we analyzed the density of seedlings (,30 cm height) and tall regeneration (.30 cm), and mean stem height over time since the treatment started (1995 for CTL and EXC, 2003 for DEL) until seven (DEL) or eight (CTL, EXC) years after. We pooled data from sampling circles within subplots. Stem densities were modeled with Poisson error distributions using lme4 in R, whereas mean stem heights were modeled with Gaussian error distributions using the nlme package (Pinheiro et al. 2011) in R. We preferred the nlme package in the latter case because it can fit heterogeneous error structures, whereas lme4 cannot. For all models, fixed variables of interest were exclosure treatment (categorical) and time since the treatment started, in years (using year instead of a linear variable from t ¼ 0 to 8 years after the beginning of the treatment yielded identical results; analysis not shown). Random factors were block, plot, and subplot. In the Poisson models on stem density, an individual-level random effect was included to account for overdispersion. In the Gaussian models on mean stem height, response variables were transformed (log, square-root, or fourth-root) to achieve a normal distribution of the residuals. Shapiro tests were applied to test whether the residuals were normally distributed and Bartlett's test was applied to verify homogeneity of variances. If the latter test turned out to be significant, a heterogeneous variance structure was fit to account for variance heterogeneity. To test for the significance of variables and factor levels, likelihood ratio tests were applied in the same manner as for the total stem counts.
Field layer
We limited the analysis of the field layer to the 12 most frequently occurring taxa in each treatment. This resulted in a total of 16 taxa over all treatments. We compared abundance of these species between treatments by adding up all of the cover percentages within each subplot and calculating treatment effect size per plot as follows (adapted from Petermann et al. [2008] ):
Effect size ¼ logðcover 1 þ 1Þ À logðcover 2 þ 1Þ:
Here, cover 1 and cover 2 denote different treatments. The log was taken of the ratio between treatments because it is symmetric around 0. The addition of 1, the smallest nonzero value in the data, was added to account for 0 values (Quinn and Keough 2002, Bolker 2011) . To compare field layer species composition after logging in protected plots vs. plots chronically browsed over the whole study period, we calculated effect sizes for the treatments EXC over CTL (both in 2001 and 2003) . To estimate the effect of herbivore exclusion immediately after logging or after an initial period of herbivory using a similar exclusion period, we compared field layer composition between DEL (2008 DEL ( , 2010 and EXC (2001 EXC ( , 2003 . Lastly, we assessed the divergence of the field layer of DEL from the control CTL after a period of 5-7 years (both in 2008 and 2010) . In all comparisons, we pooled the data from the two years that were two years apart and fitted a mixed-effects model for each species individually using the lme4 package in R. Species that were absent from both treatments in a given plot were excluded from the analysis. Effect size was the response variable and species was the predictor variable. Block was included as a random variable. A Shapiro-Wilk test was performed to check whether data points within species were normally distributed, which was the case. Following Bates et al. (2011) , 10 000 Markov chain Monte Carlo samples were generated of the parameter estimates (function mcmcsamp in lme4), and 0.95 highest posterior density (HPD) intervals were calculated from these samples. Effects were considered significant when HPD intervals did not overlap with zero.
RESULTS
Regeneration
Deer exclusion had a positive impact on stem density (.1 cm dbh) 15 years after logging with the highest stem density in EXC (12.8 3 10 3 6 2.3 3 10 3 stems/ha; mean 6 SE; Appendix: Table A1 ), intermediate densities in DEL (6.8 3 10 3 6 0.9 3 10 3 stems/ha), and the lowest in CTL (4.2 3 10 3 6 0.4 3 10 3 stems/ha). The density of Picea glauca stems was highest in DEL (5.8 3 10 3 6 1.9 3 10 3 stems/ha; Appendix: Table A1 , Fig. 1) , which was marginally different from CTL (3.6 3 10 3 6 1.2 3 10 3 stems/ha) and significantly different from EXC (2.5 3 10 3 6 0.8 3 10 3 stems/ha). Inside the original exclosures, tree species composition was dominated by Betula papyrifera (36%), P. glauca (28%), Populus tremuloides Michx. (trembling aspen, 15%), and Abies balsamea (14%) (Fig. 1) . We also observed occasional Prunus pensylvanica L. f. (pin cherry) and Picea mariana. We observed one stem of Sorbus americana Marsh. (American mountain ash). In the control plots, the only tree species present with saplings (dbh . 1 cm) were P. glauca (88%) and P. mariana (12%). The same species were dominant in DEL (P. glauca, 83%) and P. mariana, 12%; Fig. 1 ), but with some B. papyrifera (5%). A. balsamea and P. tremuloides saplings were very rare, totaling less than 1% of the species pool in DEL (Fig. 1) .
The change in density of P. glauca was similar among the CTL and EXC treatments, both for seedlings and tall regeneration ( Fig. 2 ; Appendix: Table A2 ). The low number of P. glauca seedlings in the DEL treatment is related to the low recruitment of this species in cutblocks eight years after logging, whereas the initial regeneration of P. glauca was already well established. Mean height increased steadily to 2 m, overgrowing woody species except B. papyrifera in DEL.
The density of tall A. balsamea regeneration (.30 cm) eight years after exclusion was one order of magnitude lower in DEL than in EXC ( Fig. 2 ; Appendix: Table  A2 ). It was also an order of magnitude lower than the density of P. glauca saplings; A balsamea only reached the density of P. glauca saplings in EXC. Seedling densities were also much lower in DEL than in EXC and in DEL than in CTL at t ¼ 0 (Fig. 2) . We observed a steady decline of seedlings with recruitment into the sapling stage in EXC. This decline was also present in CTL even if there was no recruitment in .30 cm classes, a situation that we attribute to heavy browsing on seedlings in CTL. Hence, initial conditions were already unfavorable for A. balsamea at the time of delayed exclosure establishment in 2003. Mean stem height of A. balsamea, on the other hand, did not show any significant differences between delayed and original exclosures (Appendix : Table A2 ).
Tall regeneration of B. papyrifera (stems . 30 cm) was virtually only found in EXC and DEL (Fig. 2) . The recruitment of tall regeneration increased with time and was not significantly affected by the timing of deer exclusion and EXC and DEL were indistinguishable (Appendix : Table A2 ). We found no significant effect of distance to the forest edge for saplings. Seedling density, however, was significantly affected by distance to the forest edge, with higher densities of seedlings in plots far from the forest edge. Mean stem height of B. papyrifera varied significantly among treatments: height (time 3 treatment interaction) was largest in EXC and smallest in CTL. Height after delayed exclusion (DEL) was also lower than in the original exclosures (EXC), but higher than in CTL (Appendix : Table A2 ).
Field layer
The composition of the field layer community differed widely between the CTL and EXC treatments six (2001) and eight (2003) years after deer exclusion, with mostly browse-sensitive species dominant in EXC and resistant plant species in CTL. EXC plots exhibited high densities of Chamerion angustifolium, Rubus idaeus, leptosporangiate ferns (Pteridopsida), Cornus canadensis, and Maianthemum canandense (Fig. 3A) . All of these species except ferns were significantly more dominant in EXC than in CTL (Fig. 4) . In the CTL treatment, however, the field layer was dominated by grasses (Poaceae) and Cirsium arvense at that time (Fig. 3A) ; C. arvense was significantly more dominant in CTL than in EXC, but Poaceae cover was highly variable (Fig. 4A) . In 2008 and 2010, the same species that dominated the field layer in EXC earlier were still abundant (Fig. 3B) . However, the cover of most species (except C. canadensis) had contracted. The CTL plots also showed diminished cover of field layer species, but with grasses still relatively abundant (Fig. 3B) . The field layer in the delayed exclosures 5-7 years after herbivore removal was dominated by a mix of species dominant in initial exclosure and control plots: Poaceae, C. canadensis, and C. angustifolium (Fig. 3B) .
Comparing the field layer of the delayed exclosure 5-7 years after fencing with the exclosures 6-8 years after establishment showed that the browse-resistant species were more abundant in delayed exclosures than in original exclosures (Fig. 4B) . DEL was dominated by Poaceae, C. arvense, and C. canadensis. In original exclosures, C. angustifolium and R. idaeus were more abundant than in delayed exclosures (Fig. 4B) .
FIG. 2.
Stem density (mean 6 SE) of tall regeneration (.30 cm) and of seedlings (,30 cm), and height (mean 6 SE) for the three most dominant tree species over time in an exclosure experiment on Anticosti Island. Year 0 is the year of logging for the control (CTL) and the original exclosures (EXC), and the moment of disturbance removal for the delayed exclosures (DEL). Stem density data (originally measured as stems/ha) are log 10 -transformed.
Comparing delayed exclosures with control plots in 2008 and 2010, however, revealed that percent ground cover of C. angustifolium, C. canadensis, and M. canadense was higher in delayed exclosures than in control plots (Fig. 4C) . Hence, in terms of the composition of the field layer cover, the delayed exclosures did exhibit a higher abundance of some of the browse-sensitive species. Hence, the delayed exclosures had a mix of both browse-sensitive and browseresistant field-layer species.
DISCUSSION
To test whether intense herbivory during early succession had lasting legacy effects on the vegetation composition of a boreal forest, we performed an herbivore removal experiment in which we contrasted continuous browsing pressure following a clearcut to both immediate exclusion and to delayed herbivore exclusion. After 15 years of herbivore exclusion, original exclosures were dominated by dense stands of primarily broadleaf species, whereas the control plots exhibited relatively low tree stem densities entirely dominated by Picea spp. The latter community type, which is rather open in terms of tree cover, contained higher cover of Cirsium arvense and mainly Poaceae, and can therefore be typified as a spruce savanna. The delayed exclosures, however, did not converge to a totally herbivoreunaffected trajectory or to a spruce savanna, but rather took an intermediate trajectory initially, with a mix of browse-resistant and sensitive species in the field layer and Betula papyrifera and Picea spp. as the most dominant woody species. In the long term, B. papyrifera will probably disappear from the canopy, given its relatively short life span (Safford et al. 1990 ), and we expect Picea spp. to become dominant. Given the high abundance of Picea glauca in the delayed exclosures that exceeded our operational definition of dominance (75%) among late-successional tree species, we consider the vegetation to deviate from a state without deer and thus to exhibit characteristics of an alternative successional trajectory (AST) after eight years of continued browsing.
The AST scenario is supported by the observation that P. glauca continued to benefit from early successful recruitment that was most likely caused by selective browsing on preferred species; 15 years after logging, the stem density (.1 cm dbh) of P. glauca was highest in the delayed exclosures and lowest in the original exclosures. In addition, in the delayed exclosures Abies balsamea stem density was far below what would be expected for a species originally dominant on the island. A. balsamea lacks a seed bank and normally builds up a seedling bank instead (Safford et al. 1990 ). This seedling bank, the advance regeneration, experiences high mortality at ambient deer density on Anticosti Island (Tremblay et al. 2007 , Hidding et al. 2012 . As a consequence, seedling density became strongly compromised after eight years of deer presence.
However, among early-successional species, not all regeneration in the delayed exclosures represented the legacy of intense ungulate herbivory: considerable regeneration of B. papyrifera, which is otherwise heavily browsed by white-tailed deer, may indicate that B. papyrifera can maintain fitness after sustaining herbivore damage (tolerance sensu Rosenthal and Kotanen 1994) . B. papyrifera stem density was similar in original exclosures and delayed exclosures after comparable herbivore exclusion periods. It may be that B. papyrifera recruited from small, wind-dispersed seeds in the delayed exclosures, as it did in the original exclosures. However, a more likely scenario is the persistence of a relatively high number of B. papyrifera seedlings until the time of delayed exclosure establishment, suggesting that B. papyrifera seedlings may survive high browsing pressure by storing carbon in roots and stems. The seedlings may thereafter grow vigorously once deer herbivory stops. Indeed, it was shown that Betula species may tolerate severe clipping over prolonged periods (Kinnaird 1974 , Palacio et al. 2008 . Although regeneration in the delayed exclosures was a mix between browse-sensitive and resistant species, we expect the climax to be dominated by the only abundant late-successional species: Picea spp.
A similar mixed response was observed in the field layer. Browse-resistant taxa such as Cirsium arvense and possibly Poaceae were still observed at high densities 5-7 years after browsing was halted, indicating a browsing legacy. Poaceae may form a recalcitrant layer (sensu Royo et al. 2010 ) that may inhibit colonization by certain woody plant species (Rooney 2009 , Tanentzap et al. 2012 . Such recalcitrant layers may, however, be permeable to other species (George and Bazzaz 1999) . Certain browse-sensitive field-layer species indeed established in delayed exclosures, although Chamerion angustifolium was present in much lower densities than it was immediately after logging in the absence of deer. Other species, such as Maianthemum canadense and Cornus canadensis, also recovered partially relative to control plots. These are all species that can make up a significant part of white-tailed deer diets (Skinner and Telfer 1974, Dostaler et al. 2011) . These recoveries therefore indicate resilience of some of the browsed species. Poaceae cover, which may have been higher in delayed exclosures, did not provide enough of a recalcitrant layer to inhibit the increase of browsesensitive herbs and B. papyrifera.
The balance between legacy effects and community resilience in both woody regeneration and field-layer composition may depend on two time variables. The first time variable is the historical exposure of the environment to deer. If deer had been present for a prolonged period of time, browse-sensitive species simply may have been absent from the species pool, making recovery impossible. On the other hand, had our experiment taken place at the time deer first became abundant on the island in the 1930s (Marie-Victorin and Rolland-Germain 1969), we may have observed lower resilience, because the most browse-sensitive species would still have been abundant at that time. In particular, advance regeneration of A. balsamea may have been present at the time of logging, causing a stronger A. balsamea dominance than found in our experiment. The second important time variable is the seven-year period we chose to let regeneration take its course in the presence of deer. A shorter period would have allowed higher A. balsamea densities and perhaps more broadleaved species to establish. A longer time period would have resulted in A. balsamea absence, possibly lower B. papyrifera densities, and higher ground cover of recalcitrant species. We chose this period of seven years as it provides enough time to expect plant community changes due to deer herbivory (Tremblay et al. 2006 ), while at the same time competition among saplings for canopy space is ongoing and woody species are still at or under browse height (Hidding et al. 2012) .
Notwithstanding, the contrast between plots protected immediately after logging, control plots, and delayed exclosures is striking. Deer browsing during the first decade after logging may determine field layer and future canopy composition (Tremblay et al. 2006 , 2007 , McLaren et al. 2009 ), and may thus have drastic consequences for the remainder of succession. In the case of Anticosti Island, canopy dominance may entirely shift from A. balsamea toward Picea spp., forming an alternative successional trajectory. Many studies have found support for legacy effects (sensu Cuddington 2012) of large herbivores on vegetation (e.g., Tanentzap et al. 2009 , Nuttle et al. 2011 . Nonetheless, to our knowledge, ours is the first comparison of herbivore absence, presence, and absence after presence simultaneously in the boreal forest. We found that a brief period of herbivory can indeed shift succession in a direction that is distinct from successional trajectories under herbivore absence. Local extirpation of A. balsamea played an important role. Delayed herbivore exclusion positively affected browse-resistant P. glauca, but allowed recovery of B. papyrifera as well as palatable species in the field layer. However, because B. papyrifera and field-layer species have relatively short life spans, the effect of delayed exclusion on the climax should not be underestimated. We therefore stress the crucial role that ungulate herbivores may play during early regeneration after a stand-replacing disturbance.
